The paper presents methods of determination of analytes of the cation group (alkyl benzyl dimethyl ammonium (BDDA-C12-C16), alkyl trimethyl ammonium (TMA), hexadecyl piridinium (HP)) in surface water and bottom sediment samples. In the sample preparation phase the solid phase extraction (SPE) or accelerated solvent extraction/ultrasound assisted extraction (ASE/UAE)-SPE technique was used and in the identification phase and quantitative determination of analytes phase -ion chromatography technique (combined with a conductivity detector (CD)). The determined concentrations were in the range below the determined method detection limit (MDL) or method quantification limit (MQL) figures up to 0.142 ±0.023 mg/dm 3 or 2014 ±10 µg/kg (liquid and solid samples, respectively). Comparing concentrations of individual analytes found in liquid and solid environmental samples we may notice that surfactants containing a shorter alkyl chain in their molecules were found in higher concentrations in liquid samples (hydrophobicity increasing with the chain length).
Introduction
Surface active compounds (SAC), due to their specific physical and chemical properties are widely used in industry and households. The use of different types of surfactants in many areas of human activity contributes to their introduction into individual elements of the environment. It is important to determine if these compounds have a negative impact on animals and plants (particularly on aquatic organisms). Some surface active compounds are low biodegradable and products of their degradation are more toxic to living organisms than the original compounds or they exhibit an endocrine activity [1] .
Cationic surfactants have biostatic or biocidal properties and they are used in various bactericidal and fungicidal products that limit the development of microorganisms (bacteria, yeast, fungi) or kill them [2] . Moreover, cationic compounds, because their particles are positively charged, have the ability to undergo sorption processes on negatively charged surfaces of solids (e.g. bottom deposits, soil, metals, plastics and cell membranes), what increases the possibility of accumulation or bioaccumulation processes [3] .
In the case of quaternary ammonium salts (QAC), which are strong biostatic and biocidal agents [4] , the length of alkyl chain present in their particle influences the environmental fate of this group of cationic surfactants [5, 6] . The lower the number of methyl groups the lower the ability to undergo aerobic biodegradation by QAC compounds, because methyl groups are substituted with benzyl groups or long alkyl groups (e.g. R 4 N + < R 3 MeN + < R 2 Me 2 N + < RMe 3 N + < Me 4 N + ; where: Me -methyl group) [7, 8] . Surfactants with a cationic character of the polar part of the particle, usually contain a tertiary or quaternary nitrogen atom (positively charged) bound with hydrocarbon chains (alkyl or alkyl benzyl). Moreover, a nitrogen atom may occur in a heterocyclic ring and the non-polar part of such surface-active compounds may be bound with the nitrogen atom or with another atom found in the ring.
Quaternary ammonium compounds are cationic surfactants often used by people during various forms of activity. QAC are commonly used as surfactants in drilling muds, fabric softeners and as biocides in antiseptics and disinfectants [9, 10] .
Particles of such compounds are built of a quaternary nitrogen atom with four hydrocarbon substituents attached by a covalent bond [11] . Table 1 presents structural formulas of selected compounds from the cationic surfactants group. 
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The analysis of literature makes it possible to state that surfactants may have a varied influence on living organisms (Table 2) . In the carried out research environmental samples collected in the Klodnica catchment were used. This river was selected as the proper ecosystem to verify the developed analytical solutions concerning determination of selected analytes from the group of cationic surfactants in environmental samples. The river catchment is located in a highly urbanised and industrialised area described as the Upper Silesian Industrial Region. The location of the region is connected mainly with the occurrence of mineral deposits, what as a consequence led to the necessity of development of the required infrastructure making possible its exploitation and advancing urbanisation. In the Upper Silesian Industrial Region there exist such manifestations of human activity as: hard coal deep mining; iron and steel industry; power plants and combined heat and power (CHP) plants; automotive industry, chemical industry (manufacture of detergents, etc.); direct discharge of municipal wastewater into the river; air, land and water transport [15, 16] .
On the basis of long-term research it has been established that the Klodnica is highly polluted throughout its nearly whole length due to the emission of various chemical compounds with treated effluents or their discharge without previous treatment. Additionally, pollutants may be introduced into surface water with atmospheric precipitation, when they are washed into the sewerage system through highly urbanised/industrialised areas and then reach the river network. On certain stages of circulation in the environment rainwater is enriched with different chemical compounds (e.g. organic compounds, heavy metals) and high quantities of suspension that may be directed to surface water [15, 16] .
The above aspects confirm the possibility of pollution of the Klodnica's ecosystem with surfactants and comprehensive research in this area is justified. The river catchment may be a real system, where the process of verification of the developed analytical methodologies can be carried out and the degree of pollution of certain elements of the ecosystem (surface water and bottom sediments) with different surfactants (e.g. not included in legal regulations concerning the monitoring of aquatic ecosystems) can be determined.
Experimental procedures Sampling site and sampling method
During the carried out research environmental samples collected in the Klodnica catchment were used. The Klodnica catchment is located in the western part of Silesian Voivodeship and it is the right tributary of the Oder. It flows through cities like: Katowice, Ruda Slaska, Mikolow, Ornontowice, Gieraltowice, Zabrze, Bytom, Chorzow and Gliwice (Fig. 1) . Detailed information about sampling sites is presented in the first part of the publication [17, 18] . Table 3 contains detailed information about selected analytes from the surfactants group, like molar masses, chemical structure and data about toxicity of the determined compounds.
Analytical laboratory methods
Ion chromatograph equipped with a conductometric detector was used at the stage of detection, identification and quantitative determination of content levels of certain surfactants in especially prepared solutions of standard substances and extracts of environmental samples [19, 20] . Optimised operating parameters of a chromatographic system during analyses are presented in Table 4 .
[ ] Detector type conductometric DTMA -dodecyl trimethyl ammonium chloride, BDDA-C12 -benzyl dimethyl dodecyl ammonium chloride, HTMA -hexadecyl trimethyl ammonium chloride, HP -hexadecyl piridinium, BDDA-C14 -benzyl dimethyl tetradecyl ammonium chloride, BDDA-C16 -benzyl dimethyl hexadecyl ammonium chloride, CMMS -cation micro membrane suppressor, CSRS -cation self-regenerating suppressor As a result of chromatographic analysis chromatograms were obtained presenting the dependence of conductivity of certain analytes on the duration of analysis. Sample chromatograms of standard solutions obtained as a result of chromatographic analysis with the use of high performance ion chromatography -conductivity detection (HPIC-CD) system are presented at Figure 2 (according to the conditions presented in Table 4 ). Parameters of calibration curves created with the use of the HPIC-CD device as well as the calculated values of limit of detection (LOD) and limit of quantification (LOQ) for selected cationic surfactants are presented in Table 5 . The calculated values of selected validation parameters of the developed methodologies of determination of selected cationic surfactants in liquid and solid environmental samples are presented in Table 6 . 
Results
The obtained results of determination of content levels of selected cationic surfactants with the use of the developed analytical procedures are presented in Tables 7 and 8 . In the literature, there are described only few studies concerning compounds from the group of QAC marked in environmental samples (Table 9 and [28] ). Few studies reported that levels of QAC in surface waters are in the range of 1.8 to 19 ng/dm 3 . In the samples taken from the Klodnica River these values are significantly higher and range from 1 to 51 μg/dm 3 . Determined levels of cationic surfactants are similar to the results obtained for the river water described by Wee and Kennedy (5 to 30 μg/dm 3 ) [29] . Generally, QAC contamination of Klodnica sediments was also higher comparing to other investigated areas [30, 31] . For the Klodnica River these values may be higher because the investigated river runs through highly urbanised (with different populations) and industrial areas. Occurrence of SAC, which toxicity is still unknown also as mixtures with other pollutants, in environmental samples indicates that conventional processes in wastewater treatment plants are not able to remove completely surfactants but also they can illegally be emitted into river catchment. The emission of investigated compounds into environmental ecosystems can lead to serious problems associated with higher ecological and human health risk [32] . BAC -benzyl ammonium chloride, DADMAC/DDAC -dialkyldimethylammonium compounds, ATMAC/ATAC -alkil trimethyl ammonium chloride, STEDBAC -stearyldimethyl benzyl ammonium chloride, HDPC -1-hexadecyl pyridinium chloride, DOTMAC -dodecyl trimethyl ammonium chloride, ND -not detected
Conclusions
The developed analytical procedures have been used to determine content levels of selected cationic surfactants in surface water samples (~200 samples) and bottom sediment samples (15 samples). In most samples analytes from the cationic SAC group were found (areas where samples were collected are under heavy anthropogenic impact). The determined concentration levels were in the range below the determined values of MDL or MQL up to 0.142 ±0.023 mg/dm 3 or 2014 ±10 µg/kg (liquid and solid samples, respectively).
Comparing the concentrations of certain analytes found in liquid and solid environmental samples, it can be noticed that the surfactants containing a shorter alkyl chain in a molecule were present in higher concentrations in liquid samples (hydrophobicity increasing with the increasing length of the chain). Alkyl benzyl dimethyl ammonium and HTMA compounds may undergo sorption processes on the surface of solid particles of bottom deposits so their low content levels were determined.
